The present study evaluated the interaction of pregnancy type [PT; single (S) vs. twin (T)] and dry period feeding management [D; close-up (CU) diet (NE l = 1.54 Mcal/kg of DM)] throughout the entire dry period (8W) vs. far-off (FO) diet (NE l = 1.32 Mcal/kg of DM) from 60 to 21 d before expected calving date (ECD) followed by CU diet until calving (3W). Treatments were arranged in a 2 × 2 factorial with a randomized block design with primiparous (n = 8) and multiparous (n = 39) Holstein cows. We hypothesized that increasing the duration of feeding a CU diet would improve metabolic status and lactation performance for cows with T, but not for cows with S. All cows were fed similarly in late lactation (90 to 60 d before ECD; diet NE l = 1.58 Mcal/kg of DM) and in early lactation (calving to 105 DIM; diet NE l = 1.71 Mcal/ kg of DM). Prepartum DMI as percentage of BW did not differ (P > 0.10) with D but tended to be greater (P = 0.10) for cows with S than with T. Cows with T tended to have greater (P = 0.08) BW than cows with S, but conceptus-free BW was less (P = 0.001) for cows with T than for cows with S. No differences (P > 0.10) were detected in prepartum BCS or BCS change with PT or D. Energy balance (EB) was greater for cows with S than with T (P < 0.001) and for cows fed 8W vs. 3W (P = 0.01). Cows with T had greater (P < 0.001) NEFA and a tendency for greater liver triglycerides (TG; P = 0.07) and plasma β-hydroxybutyrate (BHBA; P = 0.06) than cows with S. Prepartum cows fed 3W had greater (P = 0.01) liver TG and greater (P = 0.02) plasma NEFA, but less (P = 0.02) plasma BHBA than cows fed 8W. Plasma glucose (P < 0.004) and liver glycogen (P = 0.02) were less for cows with T but were not affected (P > 0.10) by D. Postpartum, there was no effect (P > 0.1) of PT or D on mean DMI as percentage of BW, BW, and BCS, but there was an interaction (P = 0.02) of PT × D for mean BCS. Cows that calved T were in a more positive (P = 0.004) EB than cows that calved S. Milk production was 5.2 kg/d greater (P = 0.04) for cows fed 8W; however, they were in less (P = 0.01) EB than cows that received 3W. Postpartum cows that calved T had decreased concentrations of plasma NEFA (P = 0.02) and liver TG (P = 0.04) but greater concentrations of plasma glucose (P = 0.03) than cows that calved S. Plasma BHBA (P = 0.07) and NEFA tended (P = 0.06) to be greater for cows that received 8W than 3W. Neither PT nor D affected (P > 0.1) plasma glucose and liver glycogen. There was a tendency for an interaction of PT × D for plasma NEFA and liver TG. In contrast to our hypothesis, response to D was independent of PT. Based on milk production data from the present experiment, 8W is a more desirable feeding strategy than 3W.
INTRODUCTION
In dairy operations, twinning has detrimental effects on calves born as twins and cows bearing twins with losses estimated up to $125 per calving event (Eddy et al., 1991) . Cows pregnant with twins face greater challenges after parturition as evidenced by their greater incidence of periparturient metabolic diseases and less milk production (Markusfeld, 1987; Nielen et al., 1989; Eddy et al., 1991) . The incidence of twin calvings ranges from 2.2 to 6.9%, and reported rates of twinning have increased over time (Kinsel et al., 1998; Silva-delRío et al., 2007) . Feeding management strategies may offer an opportunity to ameliorate the negative effects of twinning in dairy cattle (Bell and Roberts, 2007) .
The most recent edition of the NRC (2001) has listed 2 separate guidelines for dry cow feeding differentiating between far-off (FO) and close-up (CU) portions of the dry period. During the FO period, cows are fed a low energy diet to prevent unwanted BCS gain. Three weeks before expected calving date (ECD; i.e., the CU period) cows are fed a moderate energy diet to maintain energy intake despite the drop in DMI (Grummer, 1995 ). This 2-tiered feeding strategy was designed for cows carrying single pregnancies and might not be optimal for cows carrying twins. Energy demands of pregnancy are 50 to 70% greater for cows bearing twins than singles (Koong et al., 1982; Nishida et al., 1997 ), yet cows bearing twins have less prepartum DMI than their herdmates (Van Saun, 1993) . In addition, cows bearing twins have a shorter gestation length and therefore are less likely to experience a full 3-wk exposure to CU diet feeding (Nielen et al., 1989; Fricke, 2001) . Consequently, the compromised prepartum energy status of cows bearing twins could increase plasma NEFA and augment the risk for fatty liver and ketosis (Grummer, 1993 (Grummer, , 1995 .
The objective of this experiment was to investigate whether a differential prepartum feeding management strategy for cows bearing twins would mitigate all or some of the negative effects of twinning. We hypothesized that increasing the duration of feeding a CU diet would ameliorate prepartum energy balance, lipid metabolism, and lactation performance for cows bearing twins but not cows bearing singles.
MATERIALS AND METHODS
All procedures were approved by the University of Wisconsin, College of Agricultural and Life Sciences, Animal Care and Use Committee.
Cows, Treatments, and Experimental Design
Thirty-nine multiparous and 8 primiparous Holstein cows were used in an experiment conducted at the University of Wisconsin-Madison Dairy Cattle Research Center from July 2003 through November 2006. Treatments were arranged as a 2 × 2 factorial in a randomized block design. Main effects were pregnancy type [PT; single (S) vs. twin (T)] and prepartum diet (D); with cows fed a CU diet from 60 d before ECD until calving (8W); or FO diet from 60 to 21 d before ECD followed by CU diet until calving (3W). Cows were blocked by parity, breed of conceptus [Holstein (n = 21) or crossbreed: 3/4 Holstein and 1/4 Jersey (n = 26)], milk production, bovine ST before dry-off, ECD, and days in milk (DIM). Cows were on trial from 90 d before ECD to 105 DIM. The distribution of cows among treatments was 3W-S (n = 14), 8W-S (n = 12), 3W-T (n = 10), and 8W-T (n = 11). Two cows (8W-T and 3W-S) were injured at 15 and 20 DIM, and only data before the injury occurred were included in the final data set.
In addition to the 47 cows included in the study, an additional 14 cows were initially enrolled but were removed from the trial before completion and were not included in the final data set. Those 14 cows were removed: 1) during the prepartum period because of abortion (n = 2, 3W-T; n = 2, 8W-T), acute pneumonia (n = 1, 8W-S), teat injury (n = 1, 3W-T), and other injury (n = 1, 8W-T); 2) at calving after giving birth to singles when twins were expected (n = 2, 8W-T), delivering one calf alive plus a mummified fetus (n = 1, 3W-S), suffering a fatal uterine torsion (n = 1, 8W-S), and unknown cause of death (n = 2, 3W-S); and 3) at postpartum because of severe endocarditis that began before calving (8W-T).
Cows naturally conceiving twins were identified by transrectal ultrasonography (Easi-scan, BCF Technology Ltd., Livingston, Scotland, UK), between 27 to 34 d after AI, during the weekly pregnancy check. At 60 d, cows were rechecked to confirm the continuity of the twin pregnancy. Cows with confirmed twins were included in the study unless health problems were identified before their enrollment. In addition, 2 cows conceived twins after the transfer of 2 embryos and were randomly assigned to 3W and 8W treatments.
All cows were fed the same late lactation diet from 90 to 60 d before ECD (Table 1) . Data collected during this period was used for covariate analysis. Dietary treatment started at dry-off, 60 d before ECD. Cows were randomly assigned within a block and PT to 8W or 3W feeding strategy. After calving, all cows were fed the same early lactation diet. Diets were formulated according to NRC (2001) guidelines (Tables 1 and  2 ). Prepartum diets were formulated toward the lower range of recommended energy density (NRC, 2001) to minimize the risk of overfeeding 8W-S cows yet maintain the difference in energy density between CU and FO diets.
Before calving, cows were housed in tie stalls or stanchions bedded with wood shavings. When signs of calving were visible, cows were moved to individual maternity pens bedded with straw. After calving, cows were returned to tie stalls. All cows were allowed to exercise daily in an outdoor lot from 1800 to 1900 h.
Data Collection and Analysis
Cow BW was recorded weekly throughout the experiment, and calf BW data were collected within 24 h of calving. Body condition score was recorded weekly for each cow by 3 individuals using a 1 = thin to 5 = Prepartum nutritional management of twins obese scale with quarter-point increments (Wildman et al., 1982) . Prepartum change in BW and BCS was calculated as the difference in BW or BCS at dry-off and before calving. Postpartum change in BW and BCS was calculated as the difference between BW or BCS, respectively, at the first week postpartum and the least BW or BCS before 105 DIM. Health records were kept for all cows. The definitions for retained placenta, dystocia, displaced abomasums, clinical milk fever, ketosis, and mastitis were in accordance with LeBlanc et al. (2002) .
Diets were fed twice daily as a total mixed ration allowing for 5% refusals. All diets were adjusted weekly for DM. Dry matter intake was calculated assuming that DM of orts was equal to DM of feed offered. Feed samples were obtained weekly for forages and monthly for concentrates, cottonseed, and straw. Samples were dried, composited, and analyzed for CP, ADF, NDF), neutral detergent insoluble CP, acid detergent insoluble CP, and nonfibrous carbohydrate as described previously (Rastani et al., 2005) . Feed fatty acids (FA) were analyzed according to Sukhija and Palmquist (1988) . Organic matter content was determined by oven drying at 550°C for 12 h. During lactation, cows were milked twice daily (12 h interval), and milk weights were recorded daily at each milking. Samples were collected and analyzed as described by Rastani et al. (2005) .
Blood samples (7 mL) were collected weekly from the coccygeal vein or artery before the morning feeding beginning 90 d before ECD to parturition. Postpartum blood samples were collected on the day of calving and once per week at wk 1 to 5, 7, and 10. Blood was collected, centrifuged, stored, and analyzed for NEFA and β-hydroxybutyrate (BHBA) as described previously (Rastani et al., 2005) . Plasma was also analyzed for glucose (glucose oxidase/peroxidase method, modified from Karkalas, 1985) . Liver biopsies were performed under local anesthesia (10 mL of lidocaine) on 62 ± 0.1 d, 29 ± 0.1 d, and 22 ± 0.1 d before ECD, and at 1 ± 0.0 d and 35 ± 0.1 d postpartum (mean ± SEM), frozen in liquid nitrogen, and stored at −20°C until analysis. For the liver samples collected at 29 and 22 d before ECD, only the sample closest to the actual 22 d before calving was analyzed. Liver samples were analyzed for triglyceride (TG) content as described previously (Rastani et al., 2005) . Glycogen was determined colorimetrically by a modification of the Lo et al. (1970) procedure as follows: 2 mL aliquot of liver homogenate was 1.7 ± 0.5 2.1 ± 0.4 1.4 ± 0.2 1.6 ± 0.3 ADICP incubated with 2 mL of 60% potassium hydroxide at 100°C for 30 min; after that, 8 mL of 100% ethanol at −20°C was added to precipitate glycogen and samples were kept at 4°C for 16 h before centrifugation (840 × g for 20 to 30 min at 4°C) to ensure complete precipitation. A second aliquot of 1 mL was stored at −20°C for later determination of DNA (Labarca and Paigen, 1980) . Energy balance (EB) was calculated for each cow as described by Rastani et al. (2005) .
Statistical Analyses
Statistical analyses were conducted using repeated measures (Littell et al., 1998) with the MIXED procedure (SAS Inst. Inc., Cary, NC) using Kenward-Rogers adjustment for calculation of denominator degrees of freedom. Prepartum and postpartum periods were analyzed separately. Measurements from DMI, energy balance, and milk production were reduced to weekly means before statistical analysis. Measurements obtained before dry-off were used as covariates to adjust the data when covariate was P < 0.25. The model included the effects of PT (S or T), D (3W or 8W), time, the interaction of PT and D, and their interactions with time. Block and cow were included in the random term and used as the error term to test the effect of treatments. For repeated measures, several covariance structures were tested. The covariance structure that resulted in the Akaike information criterion closest to zero was used (Littell et al., 1998) . All plasma NEFA concentrations and postpartum plasma BHBA concentrations were log-transformed to correct for heterogeneity of variance. Least squares means and SEM are reported for all data except for the log-transformed variables. Instead of presenting SEM for the transformed NEFA and BHBA, 95% confidence intervals of the nontransformed data are reported. Statistical significance was declared at P ≤ 0.05 and tendency toward significance at 0.05 < P ≤ 0.10. If there was a significant interaction of treatment × time, differences between treatments at every time point were determined using the SLICE option of the LSMEANS statement from the MIXED procedure of SAS. The model used was 
RESULTS AND DISCUSSION

Gestation Length and Prepartum DMI, BW, Calf Weight, BCS, and EB
Gestation length did not differ for cows randomized to the 2 dietary treatments. As expected based on previous studies (Nielen et al., 1989; Eddy et al., 1991) , cows with T had shorter (P = 0.02) gestation lengths than cows with S (276 ± 2 vs. 281 ± 2; mean ± SEM). The interaction between PT and D was not significant. Cows were fed CU diet for 62 ± 2 d, 59 ± 2 d, 25 ± 2 d, and 18 ± 2 d (mean ± SEM) when assigned to 8W-S, 8W-T, 3W-S, and 3W-T treatments, respectively. Because of their shorter gestation length, only 3 cows assigned to the 3W-T treatment were fed the CU diet for ≥21 d. Potential benefits expected from feeding a CU diet for 3 wk before calving are the early adaptation of rumen papillae to high carbohydrate diets, the decrease in prepartum adipose tissue mobilization, and the increase of postpartum milk production (Grummer, 1995) .
Prepartum DMI did not differ by PT (Figure 1 ). When DMI was expressed as percentage of BW, cows with T tended to have less DMI than cows with S, which was most obvious on wk 9, 8, 7, and 4 before calving (PT × time; P = 0.05). Although greater prepartum intake for cows with T would compensate for increased pregnancy requirements, several studies have reported less intake for cows bearing twins, either numerically (Koong et al., 1982; Sedlakova, 1985; Nishida et al., 1997) or statistically (Van Saun, 1993) . Greater circulating concentrations of pregnancy hormones such as estrogen (Green et al., 1994) , physical rumen compression by the pregnant uterus (Forbes, 1969) , or both may have prevented cows with T from consuming more DM.
The present study evaluated 2 dry cow feeding management strategies. Although there were some diet effects on DMI, nutrient requirements were being met (NRC, 2001 ). Cows fed 8W had greater prepartum DMI than cows fed 3W (13.3 vs. 11.8 kg/d; P = 0.03), mainly from 9 to 5 wk before calving (D × time; P < 0.001; Figure 1 ). Similarly, DMI expressed as percentage of BW was greater from 9 to 6 wk and less from wk 2 to calving for cows fed 8W than for cows fed 3W (D × time; P < 0.001; Figure 1 ). Differences in DMI during the FO dry period were expected because others (Flipot et al., 1988; Rabelo et al., 2001) reported greater prepartum DMI when increasing the energy content of the prepartum diets. The greater voluntary DMI for cows fed 8W during the FO dry period was likely associated with less NDF and greater DM digestibility of the CU diet compared with the FO diet. But diet palatability may have also played a role because cows fed 3W were slowly but progressively increasing intake with time when fed the FO diet.
During the 3-wk period before calving when all cows were fed the CU diet, cows fed 3W had greater DMI, and their DMI increased progressively to calving (Figure 1) . Dann et al. (2006) investigated the effects of different intake allowances and energy content of FO and CU diets with a 3 × 2 factorial design. Two of the feeding strategies and dietary NE l concentrations evaluated by Dann et al. (2006) were similar to those in the present study. Results from Dann et al. (2006) should be considered cautiously because the incidence of retained placenta was increased among all treatments. Retained placenta cases were 6 (n = 13) for cows fed the moderate energy diet throughout the entire dry period and 2 (n = 13) for cows assigned to the traditional low energy FO and moderate energy CU feeding scheme. In agreement with our results, cows assigned to the traditional low energy FO and moderate Table 3 . Effect of pregnancy type [PT; singleton (S) vs. twins (T)] and prepartum diet [D; close-up diet for 3 wk (3W) vs. 8 wk (8W)] on DMI, BW, BCS, energy balance (EB), milk production, milk components, and calf BW; 3W-S (n = 14), 8W-S (n = 12), 3W-T (n = 10), and 8W-T (n = 11) Value at wk 1 minus postpartum nadir.
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energy CU feeding scheme tended to have greater DMI during the 24 d before calving than cows fed the moderate energy diet throughout the entire dry period . Therefore, energy status during the FO dry period likely affects voluntary energy intake during the CU period, similar to what is observed in growing heifers managed using a compensatory feeding strategy (Park, 1998) . No differences in prepartum BCS and BCS change were detected with PT; however, prepartum BW tended to be greater for cows with T than cows with S (Table  3) . When considering conceptus-free BW change, cows with T but not cows with S lost BW (P < 0.001). Individual calf birth weight was 35.6 kg for calves born as T and 42.4 kg for calves born as S (Table 3 ; P < 0.001) in agreement with others reporting similar findings in conceptus-free BW change (Koong et al., 1982; Sedlakova, 1985; Van Saun, 1993; Nishida et al., 1997) . These results were expected because the energy requirements to support a twin pregnancy were greater (NRC, 2001 ), but cows with T tended to have less DMI (% of BW) than cows with S.
There were no effects of D on prepartum BW, conceptus-free BW change, BCS, or BCS change (Figures 2 and 3 ). Despite differences in nutrient intake between feeding strategies during the FO period, calf birth weight did not differ with D (Table 3 ). In previous studies, maternal nutrition only affected calf birth weight when cows were fed below 65% of their energy requirements (Bellows and Short, 1978) . However, a significant interaction of D × PT was detected for calf BW (41.2, 37.8, 43.7, and 34.3 kg for 8W-S, 8W-T, 3W-S, and 3W-T, respectively). This interaction may reflect the distribution of pregnancies shorter than 268 d across treatments, 8W-S (n = 1), 8W-T (n = 1), 3W-S (n = 0), and 3W-T (n = 2).
Prepartum EB was more favorable for cows with S than with T (4.7 vs. 0.9 Mcal/d; P < 0.001), but as calving approached the magnitude of this difference decreased (PT × time; P = 0.008). These results were consistent with DMI (% of BW) and were reflected in conceptus-free BW change. Similar results were reported by Koong et al. (1982) and Nishida et al. (1997) because cows with T did not increase DMI despite 50 to 70% greater energy requirements of pregnancy than for cows with S.
Cows fed 8W had greater prepartum EB than cows fed 3W (4.2 and 1.4 Mcal/d, respectively; P = 0.01) with a significant interaction of D with time (P = 0.001; Figure 4 ). The interaction resulted from a more positive EB during the FO dry period for cows fed 8W, coinciding with the period of greatest differences in energy intake. During the CU dry-period, however, cows fed 3W were in a more positive EB than cows on 8W due to greater DMI as previously discussed.
Prepartum Metabolic Profile
In agreement with EB, prepartum plasma NEFA concentrations were greater for cows with T than with S (216 vs. 150 µEq/L; P < 0.001; Table 4 ). During the 3 wk before calving, plasma NEFA concentrations increased at a greater rate for cows with T (PT × time; P = 0.08; Figure 5 ). Differences in EB due to PT, however, became less obvious as calving approached, indicating that factors other than EB may have affected plasma NEFA concentrations. The maternal hormonal response during a twin pregnancy is an amplification of that observed in an S pregnancy. For instance, plasma concentrations of estradiol-17-β are greater for cows with T than with S (Patel et al., 1999) . Estradiol-17-β favors adipose tissue mobilization and increases plasma NEFA (Grummer et al., 1990) . Furthermore, plasma concentrations of placental lactogen and progesterone, both of which are greater in twin than in S human pregnancies, have been associated with insulin resistance and diabetes mellitus (Roselló-Soberón et al., 2005) . Therefore, insulin resistance may also have played a role in the observed differences in plasma NEFA concentrations with PT. Concentration of plasma BHBA and liver TG content tended to be greater for cows with T than cows with S (Table 4 ; Figures 6 and 7). Cows with T had less concentrations of plasma glucose (56.5 vs. 58.7 mg/ dL; P = 0.004) and liver glycogen (5.5 vs. 6.9 µg/µg of DNA; P = 0.02; Table 4) than cows with S (Figures 8  and 9 ). In agreement with our results, Van Saun (1993) reported greater prepartum serum BHBA and NEFA for cows with T than with S. Moreover, despite less plasma insulin concentrations for cows with T, serum glucose did not differ with PT (Van Saun, 1993) . Results from Van Saun (1993), however, should be interpreted cautiously, because most cows in that experiment were overconditioned. Greater concentrations of plasma NEFA and BHBA and liver TG concentrations indicate greater adipose tissue mobilization for cows with T. Glucose and AA are the major energy sources for conceptus tissues (Bell and Ehrhardt, 2000) . Hence, the greater adipose tissue mobilization for cows with T was likely the result of maternal homeorhetic control to provide alternative energy sources to peripheral tissues while sparing glucose and AA for conceptus tissues. The greater glucose demands to support a twin pregnancy may explain the reduced plasma glucose and greater liver glycogen depletion experienced by cows with T.
Mean prepartum plasma NEFA concentrations were greater for cows fed 3W than cows fed 8W (198 vs. 168 µEq/L; P = 0.02; Table 4 ). Cows fed 3W had greater plasma NEFA concentration from 7 to 5 wk before calving coinciding with the feeding of FO (D × time; P = 0.03; Figure 5 ). Accumulation of TG in liver was consistent with plasma NEFA results, with 1.1 vs. 0.9 µg/µg of DNA for cows fed 3W and 8W, respectively (P = 0.01). Plasma BHBA concentration, however, was greater for cows fed 8W compared with 3W (5.9 vs. 5.2 mg/dL, respectively; P = 0.02; Table 4 ). No effects of D were detected on prepartum plasma glucose or liver glycogen content. In a previous study, cows fed a moderate energy diet throughout the entire dry period had less plasma NEFA during the FO dry period, but greater plasma NEFA and BHBA during the CU dry period, than cows fed a traditional feeding scheme . Nevertheless, prepartum plasma glucose, liver TG, or liver glycogen concentrations were not affected by prepartum feeding strategy . In the present study, plasma NEFA and liver TG were consistent with EB status, but plasma BHBA was not. Despite the statistical differences observed in prepartum metabolites, the magnitude of the differences was too small to implicate biological significance. Furthermore, although there were statistical differences in NEFA and BHBA in the present study, these concentrations were all within normal ranges or less than those reported for cows with postpartum metabolic disorders (Duffield and Bagg, 2002; LeBlanc et al., 2005) .
Postpartum DMI, Milk Production, BW, BCS, and EB
There was no effect of PT or D on postpartum DMI. Similarly, neither PT (Van Saun, 1993) nor prepartum feeding strategy affected DMI. No differences in milk production were detected with PT. In previous studies, cows pregnant with T produced more milk than herdmates pregnant with S, but milk production during the lactation subsequent to twinning was decreased consistent with their greater frequency of metabolic and peripartum disorders (Nielen et al., 1989; Eddy et al., 1991; Van Saun, 1993; Kinsel et al., 1998) .
Postpartum milk production was 5.2 kg/d greater (P = 0.04) for cows fed 8W than 3W (Table 3; Figure  10 ). There were no differences in milk fat percentage or protein percentage with D or PT. Consistent with greater milk production, fat-corrected milk and milk fat production were significantly greater for cows that received 8W than 3W.
There was no interaction of PT and D for milk production; cows that were fed 8W-S, 8W-T, 3W-S, and 3W-T produced 50.8, 46.9, 45.5, and 42.9 kg/d, respectively. Although not the primary objective of this study, 8W vs. 3W is a comparison of energy feeding strategy during the FO dry period. We know of only one other study that has specifically examined energy Table 4 feeding strategies during the FO dry period . In contrast to our study, Dann et al. (2006) reported cows fed the traditional FO and CU diet (i.e., treatment similar to 3W) produced 2.6 kg/d more milk than when cows were fed the CU diet throughout the entire dry period (i.e., treatment similar to 8W), although this difference was not statistically significant. The large and statistically significant milk response to 8W with no apparent negative effects seems contradictory to the recommendation to avoid prolonged overconsumption of energy during the dry period and to feed the "Goldilocks diet," which provides just the right amount of energy to match the requirements of the cows (Drackley and Janovick Guretzky, 2007) . Benefits associated with feeding 8W may possibly include a more glucogenic metabolic status throughout the entire dry-period, less prepartum adipose tissue mobilization, absence of negative effects associated with diet change (e.g., changes in DMI), and maintaining a more stable rumen environment (Grummer, 1993 (Grummer, , 1995 Grummer et al., 2004) .
Based on previous studies evaluating the effects of overconditioning dry cows (Van den Top et al., 1996; Rukkwamsuk et al., 1999; Murondoti et al., 2004) or implementing similar dry-cow feeding strategies to those used in our study , we expected to find no effect or a detrimental effect of 8W on postpartum performance for cows that calved S, but not for those calving T. Interestingly, cows fed a CU diet throughout the entire dry period had greater BCS gain . Although prepartum BCS gain may negatively affect postpartum productive performance (Douglas et al., 2006) , there are no empirical data to support that theory. Prepartum overfeeding may result in greater hepatic TG accumulation at calving as well as a decrease in hepatic enzyme activity involved in synthesis, esterification, and oxidation of FA (Van den Top et al., 1996; Murondoti et al., 2004) . In addition, overfeeding during the dry period may impair adipose tissue esterification and favor lipolysis (Rukkwamsuk , 1999) . Cows fed throughout the dry period at 80 or 150% of NRC requirements showed differences in hepatic gene expression near calving Loor et al., 2006) . After calving, genes involved in FA oxidation, gluconeogenesis and cholesterol synthesis were upregulated for feed-restricted cows (80% of NRC), whereas for cows fed at 150% of NRC, genes involved in the synthesis of hepatic TG and proinflammatory cytokines were upregulated Loor et al., 2006) . Nevertheless, despite evidence that prepartum overfeeding may affect BCS, hepatic gene expression, and hepatic enzymatic activity, its impact on postpartum milk production is not clear (current study; Rukkwamsuk et al., 1999; Murondoti et al., 2004; Dann et al., 2006) and warrants further study.
From the last week prepartum to the first week postpartum, cows that calved T lost more BW (−113 ± 8 kg) than cows that calved S (−78 ± 7 kg; P < 0.001), but no differences were observed with D. During the last months of pregnancy, the enlarged twin pregnant uterus compressed adjacent organs, specifically the rumen and gastrointestinal tract, decreasing their size and BW (Forbes, 1969) . This together with the greater conceptus weight for cows that calved T may explain the greater BW loss after calving T.
No effect of PT was observed on postpartum BW and BCS. However, during the first 6 wk postpartum BW was less for cows that calved T, but similar after wk 7 (PT × time; P = 0.01; Figure 2 ). The decreased milk production for cows that calved T may have favored their faster improvement in BW. No statistical differences were detected in postpartum BW change and BCS change.
There was no effect of D on postpartum BW, BW change, BCS, and BCS change. There was an interaction between PT and D for mean postpartum BCS (P = 0.02; Figure 3) ; 2.74, 2.66, 2.69, and 2.80 BCS for 8W-S, 8W-T, 3W-S, and 3W-T, respectively. When the prepartum feeding strategy was 3W, cows that calved T had greater mean postpartum BCS than cows that calved S. By contrast when the feeding strategy was 8W, cows that calved T had greater mean BCS than cows that calved S. There is no obvious explanation for this finding. Conversely, no significant interaction of PT and D was reported for BCS change.
The energy status for cows that calved S was less than for cows that calved T (P = 0.004; Table 3 ). This is consistent with numerical differences in milk production and DMI between PT. Energy balance was less for cows fed 8W than 3W (P = 0.01), and this difference was mostly accounted for by differences in milk production. Differences in EB with PT and D were not reflected in mean postpartum BCS or BCS change.
The frequency of peripartum health disorders is reported in Table 5 . Because of the binomial nature of peripartum health disorders, differences in health events due to feeding strategy and PT were not evaluated statistically. Although we have no evidence that peripartum health events are confounding feeding strategy and milk production in the present study, these results should be carefully interpreted.
Postpartum Metabolic Profile
Plasma and liver metabolites were consistent with the EB observed for PT and D. Plasma NEFA concentrations were greater (P = 0.02) for cows that calved S than T (447 vs. 406 µEq/L) and decreased at a greater rate for cows calving T (PT × time; P = 0.01; Figure  5 ). There was no effect of PT on plasma BHBA concentrations, but cows calving T had greater BHBA concentrations at wk 4 and 5 than cows calving S (PT × time; P = 0.004; Figure 6 ). In agreement with the plasma NEFA, liver TG concentrations were greater (P = 0.04) for cows that calved S than T. There was a significant interaction of PT × time for liver TG concentrations with increasing concentrations for cows that calved S and decreasing concentrations for cows calving T. Plasma glucose concentrations were 56.7 vs. 54.1 mg/dL for cows that calved T and S, respectively (P = 0.03). There was no effect of PT on liver glycogen concentrations. All postpartum metabolic indicators reflect a more positive EB status for cows calving T, which was likely associated with decreased milk production.
Plasma NEFA and BHBA concentrations tended to be greater for cows fed 8W than 3W (461 vs. 393 µEq of NEFA/L and 7.8 vs. 6.4 mg of BHBA/dL), but there were no effects of D on postpartum plasma glucose and liver TG and glycogen. Interestingly, a tendency for an Summation of the cases of displaced abomasums, dystocia, hypocalcemia, lameness, mastitis, retained placenta, and subclinical ketosis divided by the number of animals by treatment.
interaction between PT and D was detected for plasma NEFA and liver TG. Plasma NEFA concentrations for 3W-T cows were 351 µE/L and tended to be less than for 8W-S, 8W-T, and 3W-S: 460, 460, and 434 µEq/L, respectively. Cows fed 3W-T yielded the least amount of milk and were not required to mobilize body reserves to the same extent to support lactation. Liver TG concentration averaged 4.92 µg/µg of DNA for 3W-S and tended to be greater than for 8W-S, 8W-T, and 3W-T; 2.31, 2.96, and 3.31 µg/µg of DNA, respectively. Nevertheless, postpartum subclinical ketosis (BHBA ≥15 mg/dL; was observed in 3W-S (n = 5), 3W-T (n = 1), 8W-S (n = 2), and 8W-T (n = 4) cows.
Conclusions
Based on milk production data, cows fed a moderate energy diet (8W) throughout the entire dry period performed better than those fed according to the NRC (2001) energy requirements (3W) for the entire dry period. Inconsistent with our hypothesis, response to D was independent of pregnancy status. Benefits associated with feeding a moderate energy diet throughout the entire dry period may include prevention of excessive prepartum adipose tissue mobilization, avoiding DMI fluctuations associated with diet change, or maintaining a more stable rumen environment throughout the dry period. Our findings contradict those previously reported by Dann et al. (2006) , in which a low energy diet through the dry period was the most favorable feeding strategy; however, neither the present study nor the study by Dann et al. (2006) was designed to evaluate the impact of feeding strategy on the frequency and severity of peripartum health events. Thus, further research is needed before recommending any feeding management change during the dry period.
